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Abstract

Background-The high mortality of cirrhosis is a global public health problem. For 
predicting the outcome of patients with cirrhosis, many prognostic models were 
proposed.The new Model for End-Stage Liver Disease including serum sodium 
(MELD-Na) has been proposed as an alternative to the original MELD, to increase 
the accuracy of the score in predicting short-term mortality. The purpose of this 
study was to assess the ability of MELD-Na scoring system to predict three-month 
mortality among cirrhotic patients, and comparing it to the MELD score.

Methods-An observational study was carried out, at the Hepato-Gastro-Enterology De-
partment of the University Hospital Center of Oran. A retrospective review of the medical 
records of all patients with cirrhosis, between 1st January 2019 and 31st December 2021, 
was performed. Among 103 patients, 47 were selected after excluding the patients who 
were lost to follow-up after three months or with missing data. The information collected 
included demographic data, clinical characteristics and laboratory values of: bilirubin, 
creatinine, international normalized ratio (INR) of prothrombin and sodium. The MELD-
Na and MELD scores were calculated using online calculators, then the ability of the mo-
dels to predict the risk of mortality at three months was assessed, using the area under 
the receiver operating characteristic curve (AUC).

Results - : Eight (17%) patients died at three months. The MELD-Na and MELD both had 
significantly high area under the curve (AUC): MELD-Na: 0.952, 95% confidence interval 
[CI]: 0.885–1.00, MELD: 0.931, 95% confidence interval [CI]: 0.834–1.000. The MELD-Na 
score was slightly better than the MELD, with a sensitivity and a specificity of 87.5% and 
87.2%, respectively, for a cut-off value = 21.  

Conclusion -The MELD-Na score seems to be a good predictor of mortality at three mon-
ths among patients with cirrhosis. 
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1. Introduction
Cirrhosis is an important cause of morbidity and mortality 
worldwide. Predicting the outcome of cirrhosis has been an 
important issue, and several prognostic scores were deve-
loped through the years [1,2]. 

The first one was the Child-Pugh score that has been wi-
dely used to establish the prognosis of cirrhosis for several 
decades now. Later, the Model for end-stage liver disease 
(MELD) score was proposed as an alternative to Child-Pugh 
[3]. It is based on three objective biochemical variables : 
serum bilirubin, serum creatinine, and the international nor-
malized ratio (INR) of prothrombin time [4,5]. 

This score is able to accurately predict the risk of short term 
mortality in end-stage liver disease. In February 2002, The 
United States implemented a MELD based system for the al-
location of liver transplant to reduce waiting list mortality 
[6,7].

Furthermore, hyponatremia is frequent among cirrhotic pa-
tients and is often associated with higher risk of complica-
tions and mortality [8]. 

Therefore, to increase the accuracy in predicting three-mon-
th mortality serum sodium was added to the formula and 
another version of the score, MELD-Na, appeared [9]. MELD-
Na has been used, as an alternative to the original MELD, for 
liver graft allocation since 2016 [10]. 

However, no data are available regarding the prognostic uti-
lity of these scores for cirrhotic patients in Algeria. Through 
a descriptive study carried out previously at the Hepato-Gas-
tro-Enterology Department of the University Hospital Center 
of Oran, it appeared to us that MELD-Na remains unused in 
current practice [11]. The purpose of this study was to assess 
the ability of MELD-Na scoring system to predict three-mon-
th mortality among cirrhotic patients, and compare it to the 
MELD score.

2. Methods

An observational study was carried out at the Hepato-Gas-
tro-Enterology Department of the University Hospital Center 
of Oran. Data were retrospectively gathered from the me-
dical records of 103 patients, between January 1, 2019 and 
December 31, 2021.

The study included patients with all aetiologies of cirrho-
sis, aged ≥18 year-old. Thirty-five patients, who were lost to 
follow-up after three months, and 21 patients with missing 
data, were excluded. Eventually, a total of 47 patients were 
eligible for the study.

The information collected and analyzed, using Microsoft Of-
fice Excel 2007 was: age, sex, aetiology of cirrhosis, Child-
Pugh score, total bilirubin, INR, creatinine and sodium le-
vels.

The MELD-Na and MELD scores were calculated using online 
calculators, at https://www.mdcalc.com, using the fol-
lowing formulas [12,13]: 

MELD = 9.57 × ln (Creatinine [mg/dL]) + 3.78 × ln (Bilirubin 
[mg/dL]) + 11,20 × ln (INR) + 6.43

MELD-Na = MELD score + 1.32 × (137 – Sodium [mmol/L]) – 
(0.33 × MELD score × 137 − Sodium [mmol/L])

Then, the ability of the models to predict the risk of mor-
tality at three months was assessed, by calculating the area 
under the receiver operating characteristic (ROC) curve 
(AUC), using IBM SPSS Statistics Version 22.

The area under the ROC curve of the perfect score tends to 
1. A score is considered effective when the area under the 
ROC curve is between 0.8 and 1 and useful when the area 
under the ROC curve is ≥ 0.7 [14].

3. Results  

Clinical characteristics and demographic data are shown in 
Table 1. The mean age of the patients was 62 ±12 years (ran-
ging from 18 to 90 years). A total of 51% were females (n=24) 
and 49% were males (n=23). The main causes of liver diseases 
were: viral hepatitis C (23%), Non-Alcoholic Steato Hepatitis 
(NASH) (19%), and autoimmune hepatitis (13%). While for 
26% the aetiology of cirrhosis could not be determined. The 
mean Child Pugh score value was 8 ± 2.The mean creatinine 

Figure 1. the flowchart of in- and exclusion for 
this study
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value was 0.9 ± 0.5 mg/dl, the mean total bilirubin value 
was 3.7 ± 5.0 mg/dl and the mean INR value was 1.8 ± 0.8. 
Sodium had an average value of 135.7 ± 5.3 mmol/L (ranging 
from 126 to147 mmol/L). 

The mean MELD value was 15 ± 6, and the mean MELD-Na 
was 17 ± 7. 

Eight (17%) patients died at three months, and 13% had hy-
ponatremia.

Table 1. patient’s clinical characteristics and demogra-

phic data 

Variable              Value         

Sex n (%)
Female 
Male

          24 (51%)
          23 (49%)

Age (y), mean ± SD           62 ± 12

Score, mean ± SD(rounded to the nearest 
integer)
Child-Pugh
MELD 
MELD-Na 

          8 ± 2
         15 ± 6
          17 ± 7

Cause of liver disease n (%)
Undetermined aetiology
Hepatitis C 
NASH 
Autoimmune hepatitis 
Alcohol 
Hepatitis B 
Other 

           12 (26%)
           11 (23%)
            9 (19%)
            6 (13%)
            3 (6%)
            2 (4%)
            4 (9%)

Laboratory value, mean ± SD
Total bilirubin level (mg/dL) 
Creatinine level (mg/dL) 
International normalized ratio 
Sodium level (mmol/L) 

            3.7 ± 5.0
            0.9 ± 0.5
            1.8 ± 0.8
            135.7 ± 5.3

Three-month mortality n (%)
Dead 
Alive

            8 (17%)
            39 (83%)

Hyponatremia n (%)             6 (13%)

The MELD-Na and MELD both had significantly high area un-
der the curve (AUC):0.952, 95% confidence interval [CI]: 
0.885–1.000 for MELD-Na and 0.931, 95% confidence interval 
[CI]: 0.834–1.000 for MELD score (Table 2 and Figure 2).

Table 2. MELD-Na and MELD ROC AUC’s for Survival at 
three months

MELD-Na ROC 
AUC

MELD ROC AUC

Value 0.952 0.931

95% CI 0.885–1.000 0.834–1.000

Figure 2. ROC curves of sodium MELD (MELD-Na) (a) and 
MELD (b) scores

The optimal cut-off value for MELD-Na was 21 (rounded to 
the nearest integer), for this value, the sensitivity and the 
specificity was 87.5% and 87.2%, respectively, as shown in 
table 3. 
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Table 3. sensitivity and specificity for different MELD-Na 
values

      Cut-off value         Sensitivity        Specificity

7,000 1,000 0,000

40,000 0,000 1,000

8,500 1,000 0,026

9,500 1,000 0,103

36,500 0,125 1,000

10,500 1,000 0,205

33,000 0,250 1,000

11,500 1,000 0,282

12,500 1,000 0,308

30,500 0,375 1,000

14,000 1,000 0,410

15,500 1,000 0,462

16,500 1,000 0,538

24,500 0,625 0,974

27,500 0,625 1,000

21,500 0,750 0,923

17,500 1,000 0,692

18,500 0,875 0,821

22,500 0,750 0,949

19,500 0,875 0,846

20,500 0,875 0,872

Discussion
It is very common for patients with advanced cirrhosis to 
develop hyponatremia mainly due to hypervolemia. The pri-
mary cause is portal hypertension which leads to splanchnic 
vasodilatation that increases the secretion of antidiuretic 
hormone. The activation of this compensatory mechanisms 
causes excessive free water retention and, as a result, di-
lutional hyponatremia [15,16]. Hyponatremia is considered 
to be an independent predictor of mortality in cirrhosis. As 
patients with hyponatremia, have worse outcomes and are 
more likely to develop serious complications,such as ascites 
or hepatorenal syndrome[17,18].

MELD–Na combines the prognostic utility of both hyponatre-
mia and MELD to further increase the predictive ability.

Our results showed that both MELD and MELD-Na scores were 
good predictors of three-month mortality, and the MELD-
Na, with an optimal cut-off value of 21, was slightly better 
than the MELD (AUC: MELD-Na=0.952, 95% CI: 0.885–1.00; 
MELD=0.931, 95% CI: 0.834–1.000). The AUC of MELD-Na was 
similar or even higher than observed by other investigators. 

In Algeria, Mabizari et al. showed that in-hospital mortality 
in cirrhotic patients was associated with both MELD score 
(p<0.0001) and MELD-Na score (p<0.0001). And although 
MELD ≥ 18 was found to be a strong predictor of morta-
lity with an OR=4,1, P=0.007, the predictive accuracy of 
MELD-Na was not assessed in this study [19]. Conforming 
to a retrospective study conducted by Mouelhi et al. over 
a 15-year period in Tunisia, the MELD-Na score was signi-
ficantly predictive of early mortality due to digestive hae-
morrhage (AUC=0.867, p<0.001) with a sensitivity of 70% and 
a specificity of 82%, for a cut-off value of 19. However, no 
statistically significant difference was found compared to 
MELD (AUC=0.838, p<0.001) and other scores [20]. In Egypt, 
El-ghannam found that MELD-Na was superior to the original 
MELD in predicting mortality ( AUC: MELD-Na=0.789±0.03, 
CI 95%=0.711-0.865; MELD=0.678±0.01, CI95%=0.613-0.682).
The cutt-off value was equal to 20.4 [21]. 

In Another study, published in the journal of Liver Transplan-
tation, by Ruf et al. both MELD and MELD plus serum sodium 
had excellent c-statistics: 0.894 and 0.908, respectively. Ad-
ding serum sodium increased the accuracy of the score to 
predict mortality with a p value of 0.026. According to this 
study, even though the increase is only about 1%, it is highly 
significant considering the relative infrequency of hypo-
natremia [22]. Indeed, in our data, only 13% of the patients 
had hyponatremia. Noting that, hyponatremia was defined 
as sodium level ≤130 mmol/L. This cut-off value was used in 
previous studies of hyponatremia in cirrhotic patients [23].

Se Yune Kim also verified the usefulness of MELD-Na for pre-
dicting short term mortality of cirrhotic patients in Korea. 
Only MELD-Na was significantly related to three-month mor-
tality (p0.012) and the AUC of MELD-Na was higher, but the 
difference was not statistically significant (MELD-Na=0.862, 
MELD=0.845, (p0.05)) [24].

A more significant difference was found by Shahna et al. AUC 
was 0.801 for MELD-Na and 0.707 for MELD. The cut-off value 
of MELD-Na was equal to 23.04 and had a sensitivity of 84.5 
and specificity of 67.7 [25]. Moreover, a large study, that in-
cluded patients from all the Eurotransplant region (Austria, 
Croatia, Hungary, Slovenia), showed that MELD-Na had a high 
c-index of 0.847 (SE 0.007) and reduced the waiting list mor-
tality by 4.9% [26]. On the other hand, a prospective study in 
Northern India compared the Child- Pugh, MELD and MELD-
Na scores and found different results. The c-statistics was 
0.86 (p < 0.0001) for the MELD score, and 0.83 (p < 0.0001) 
for the MELD-Na, and the Child- Pugh score was superior to 
both of them in predicting three-month mortality. 
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As they mentioned, the clinical presentation and the dis-
tribution of causes of liver disease is different across po-
pulations and among different regions of the world [27]. 
This diversity might have contributed to discordant results. 
Although, as stated above, studies from different countries 
found similar results. It should be pointed out that, the MELD 
score values were higher among their patients, with a mean 
value of 21. As stated by the study of Kim et al. that first va-
lidated the usefulness of MELD-Na score in the United States, 
the effect of sodium concentration is greater in patients 
with low MELD score [28]. We also noticed that, the optimal 
MELD-Na cut-off was higher than 32.14. In opposition, Raza-
findrazoto et al. found that MELD-Na was strongly associated 
with mortality (OR=1.23; CI95%: 1.12–1.341, p=0.000) com-
pared to MELD score (OR=1.18; CI95%: 1.09 to 1.27, p=0.000) 
especially when it was ≥32 (OR: 27.5; CI95%: 4.32–174.8; 
p=0.0004) [29].

Moreover, the MELD Na formula was originally developed 
for sodium values ranging from 125 to 140 mmol/L. Accor-
ding to Sersté et al.in patients with severe hyponatremia (≤ 
125 mmol/L), hyponatremia and Child-Pugh score are bet-
ter predictors of mortality than MELD Na [30]. In our study 
sodium values ranged from 126 to147 mmol/L. 

Finally, Godfrey et al. recently found that the c-statistic of 
the MELD score gradually decreased from 0.80 in 2003 to 
0.70 in 2015. The same study reported a c-statistic of 0.839 
for MELD-Na in 2015[31]. Since the demographic and clinical 
characteristics of cirrhosis have changed, and therefore, the 
predictive accuracy of the original MELD score has declined. 
It is necessary to update the MELD formula by the incorpora-
tion of additional objective, quantitative, and reproducible 
variables such as serum sodium [32,33]. And even thought 
we must acknowledge that sodium levels can be influenced 
by several factors such as water balance disorders or the 
use of diuretics and vaptans, every other component of the 
score has its own limitations [3,34]. Since 2016, the United 
Network for Organ Sharing (UNOS) has adopted MELD-Na as a 
basis for liver graft allocation. As a result, it was shown that 
7% of the waiting-list mortality could be avoided using MELD-
Na instead of the original MELD score [35].

Conclusion
The MELD-Na score seems to be a good predictor of mortality 
at three months among patients with cirrhosis. The addi-
tion of serum sodium to the MELD score formula increases 
the predictive accuracy of the score by prioritizing patients 
with hyponatremia who have a high-risk of morbidity and 
mortality. 
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